We have derived the popularly used mass parametrization formula for light quarks and modified the corresponding formula for strange quarks with the mass-densitydependent model. A simple expression for the critical density of phase transition of strange quark matter at zero temperature is thus found and its value is estimated to be over 6 times the normal nuclear density.
The possible existence of strange quark matter (SQM) has been a focus of investigations [1] since Witten's conjecture [2] that quark matter with strangeness per baryon of order unity may be bound. Because of the wellknown difficulty of Quantum Chromodynamics in the nonperturbative domain, phenomenological models reflecting quark confinement are widely used in the study of hadron, and many of them have been successfully applied to investigate the stability and properties of SQM. One of the most famous models is the MIT bag model [3] with which Farhi and Jaffe [4] find that SQM is absolutely stable around the normal nuclear density for a wide range of parameters.
Another popularly used model is the mass-density-dependent model in which the light quark mass m u,d is inversely proportional to the total quark number density n q , namely [5] 
where B is a constant. This expression was extended to include strange quarks by Chakrabarty et al. [6] via
where m s0 is the current mass of strange quarks. By using Eqs. (1) and (2), they obtain a significantly different result: only at very high densities does SQM have the absolute stability.
Benvenuto and Lugones [7] point out that it is the consequence of an incorrect thermodynamical treatment. They add an extra term, arising from the density dependence of the quark masses, to the energy expression, and get similar results to those in the bag model. The quark mass parametrizations used are still Eqs. (1) and (2).
S. Chakrabarty et al. [6, 8] have already discussed the limitation of the conventional MIT bag model which assumes that the quarks are asymptotically free within the bag. In order to incorporate the strong interactions between quarks, one has to fall back on the perturbative theory, which is unreasonable in the strong-coupling domain, whereas the mass-density-dependent model mimics not only the quark confinement, but also the interactions between quarks. Therefore, the correctness of quark mass dependence on density is of utter importance.
However, the popularly used Eqs. (1) and (2) are pure parametrizations without any real support from underlying field theories up to now. Our motivation in writing this letter is to try to derive the relation between the quark mass and density from more fundamental principles on one hand, and to study the critical density for phase transition of SQM to nuclear matter on the other hand.
A discussion of the physical ideas which lead to Eq. (1) can be seen in Ref. [5] while there are no convincing arguments for the validity of Eq. (2). In fact, Eq. (1) is just the first order approximation of a more general formula while Eq. (2) has to be modified according to our present investigation.
In a recent work [9] , we have demonstrated, from the QCD Hamiltonian, that the quark mass m q and quark condensates satisfy the following relation
where <qq > 0 and <qq > n B are the quark condensates respectively in vacuum and in strange quark matter with baryon number density n B ; m q0 is the quark mass at the chiral restoration density.
According to the obvious equality
we can express the taylor series of the relative condensate at zero density as
where
Ignoring all terms in Eq. (5) with orders in n B higher than 1, we have
Substituting Eq. (7) into Eq. (3), we obtain
This indicates that all the quark masses of three flavors are inversely proportional to density, namely
where we have denoted α The parameters β 0 and β s determine the critical density n c rather simply
where γ is dimensionless: 1.5 < γ < 2.
To prove this expression, we assume the SQM to be a Fermi gas mixture of u, d, s quarks and electrons with chemical equilibrium maintained by the weak interactions (neutrinos enter and leave the system freely):
At zero temperature, the thermodynamic potential density of the system is
where g i is the degeneracy factor with values 6 and 2 respectively for quarks and for electrons; m u,d and m s to be replaced by Eqs. (9) and (10).
The number density of constituent i is
For a given n B , the chemical potentials µ i (i = u, d, s, e) are determined by the following equations [4] 
The last two equations are equivalent to
We therefore define a function of µ e
Because m s > m u,d , the equation F (µ e ) = 0 for µ e has solution if and only if
At the critical density n c , the "=" in the above inequality signs should be taken, and so we can easily find
Solving for n c from this inequality, we accordingly obtain Eq. (11).
For a more exact n c , we can numerically solve the following equation
In fact, the precision of expression (11) is high enough for practical applications because of the smallness of electron content.
Below the critical density, SQM can not maintains its chemical equilibrium and has to undergo phase transition to hadronic matter. If the final state is the normal nuclear matter (i.e. not the so-called strange hadronic matter), we can take the strangeness fraction as the order parameter (nuclear matter is the disordered phase while SQM the ordered phase) and conclude that the transition is second order because the order parameter approaches to zero continuously at the critical density.
In order to calculate the critical density, we need to know the values of β 0 and β s . According to Ref. [9] , we have
where σ π−SQM is the "sigma term" for SQM and V the volume. Because we know nothing about them presently, we replace them approximately by the corresponding quantities for the nucleon.
With a view to the model independent result [10] 
where ρ is the medium density, the parameter α ′ 0 can be calculated by
where m π is the pion mass, f π is the pion decay constant, σ N is the pionnucleon sigma term.
Therefore,
With m π = 140 MeV, f π = 93 MeV, <qq > 0 = (225 MeV) 3 , Eq. (31) becomes
If we know the true value of V N , β 0 can be fixed from this expression. However, if the normally used proton radius of 0.86 fm is applied, we have contradiction immediately: the two flavor quark matter is more stable than the normal nuclear matter [7] . So we are confirmed that the intrinsic nucleon size must be smaller than the measured charge radius as described in the vector dominance model of photon-hadron interactions [13] . We therefore take the nucleon radius to be 0.42 fm. This corresponds to β 0 = 23 MeV·fm −3 -the minimum permitted value for β 0 [9] .
As for s quarks, we similarly have [9, 11, 12] 
where m K is the kaon mass, σ K is the kaon-nucleon sigma term, σ sN is the s quark-nucleon sigma term, and f K is the kaon decay constant. So,
Regarding the product of the last three ratios approximately equal to 1, we have
This ratio of quark masses is consistent with the current-algebra analysis of the masses of pseudo-scalar mesons [14] .
By now, we can directly calculate n c from Eq. (11): n c ≈ 1 fm −3 , i.e. approximately 6 times the normal nuclear density.
This result is significantly different from that in the MIT bag model. It excludes the possibility of the existence of SQM near the normal nuclear density.
Similar conclusion was also reached in Ref. [6] . But there are two questionable aspects there: firstly, the quark mass parametrization Eq. (2) lacks underlying support as mentioned above; secondly, the thomodynamical treatment is incorrect as pointed out in Ref. [7] .
It is worth noting that our present result is also not conclusive though it is based upon more fundamental principles. There still exist uncertainties. For example, the true nucleon size and the s quark condensate in vacuum are not so determined. If the values of β 0 and β s vary, similar results to those in Ref. [7] can also be obtained. Therefore, the territorial search for SQM should not be discouraged by the present investigation.
